We study the effects of two-body Higgs boson scattering by exchanging unparticles. The unparticle contribution can change the standard model prediction for two-body Higgs boson scattering partial wave amplitude significantly leading to modification of the unitarity constraint on the standard model Higgs boson mass. For unparticle dimension d U between 1 and 2, the unitarity constraint on Higgs boson mass can be larger than that in the SM. Information on unparticle interaction can also be obtained.
Since the seminal work of Georgi on unparticle physics [1] last year, the study of unparticle effects has drown a lot of attentions [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . The concept of unparticle [1] stems from the observation that certain high energy theory with a nontrivial infrared fixed-point at some scale Λ U may develop a scale-invariant degree of freedom below the scale. The kinematics is determined by its scaling dimension d U under scale transformations. The unparticle must interact with Standard Model (SM) particles to be physically relevant. Even though at present the detailed dynamics of how unparticle interacts with SM particles is not known, these interactions can well be described in effective field theory. In this approach the interactions are parameterized in the following way [1] 
where O SM is composed of the SM fields, and O U is an unparticle operator.
There has been a burst of activities on various aspects of unparticle physics from phenomenology to theoretical issues [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . Some of the major tasks of phenomenological study are to search for new signals and effects in various physical processes, and to determine (constrain) the unparticle scale and also unparticle dimension d U .
In this work we study unparticle interaction effects on unitarity constrains from two-body
Higgs boson scattering using partial wave analysis. We find that the unparticle contribution to the scattering partial wave amplitude can be significant which affect the unitarity constraint on the Higgs boson mass. For d U between 1 and 2, the unparticle contribution can relax the upper bound for Higgs boson mass.
Partial wave analysis of scattering processes is one of the often used methods to constrain unknown parameters in a theory. The unitarity constraint on Higgs boson mass from twobody Higgs boson scattering in the SM [13] , and constraint on extra dimension scale [14] are some of the interesting examples. A scattering amplitude M for a given process can be decomposed into partial wave amplitude according to angular momentum J as
The unitarity condition is referred to the condition that the magnitude for each of the partial wave amplitude |a J | should not be too large. There are many discussions of how to implement unitarity condition to constrain new physics [15] . We will use a weak condition |a J | < 1 for J = 0 and work with the tree level amplitude to show how interesting constraints on unparticle interactions and Higgs boson mass can be obtained. Potentially large contribution to the two-body Higgs boson scattering may come from the following lowest dimension operator involving a scalar unparticle and SM Higgs field [11, 12] 
where
is the SM Higgs doublet. The h + and I are the fields "eaten" by W and Z, and h is a physical Higgs. The parameter λ hh is real.
There are s, t and u channel contributions from the above effective operator to the two-body Higgs boson scattering amplitude as shown in Fig. 1 . We obtain the scattering amplitude as
In obtaining the above expression, we have used the scalar unparticle propa-
Using the above scattering amplitude, the J=0 component in the partial wave expansion a un 0 can be easily obtained
h /s is the Higgs boson momentum in the center of mass frame. As for any other processes involving unparticle propagator, there is a sin(πd U ) factor in the denominator which has poles at integer d U and makes a un 0 to diverge. In the first term in eq. (5), the pole at d U = 1 is cancelled by a zero in A U . However, the second term will For a complete analysis, one also needs to include the SM contribution where the J = 0 partial wave amplitude is given by [13] 
With this contribution included, the weak unitarity condition becomes
There is an imaginary part from unparticle contribution to a 0 due to the s-channel unparticle exchange in Fig. 1 with Ima
√ s/Λ U . Since the SM contribution is real, the unitarity condition requires |Ima 0 | < 1. One can, in principle, obtain a constraint on the parameter r as a function of the unparticle dimension. We have analyzed this and found that the constraints are weak.
The combined effects of real and imaginary parts can provide more interesting information which we study in the following.
In the limiting case of s >> 4m 2 h , weak unitarity condition is simply given by,
Since the strength of the unparticle contribution to the partial wave amplitude is a function of r, the unitarity condition may provide information about r. We plot, in Fig. 2 We find that the weak unitarity condition is satisfied for s significantly larger than the threshold of producing two Higgs bosons for d U between 1 and 2.
We now discuss unparticle effects on unitarity constraint on Higgs boson mass m h . Without unparticle contribution, in the limit s >> 4m We will concentrate on d U between 1 and 2.
In Fig. 3 , we show |a In summary we have studied unparticle effects on the unitarity constraints from two-body Higgs boson scattering process. We find that the unparticle contribution to the scattering partial wave amplitude can be significant which affect the unitarity constraint on the Higgs
